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In the course of a comprehensive mm/submm survey of massive star- forming 
regions, a particularly interesting object has been found in the surroundings 
of the bright FIR source IRAS 07029-1215, in a distance of 1 kpc. The object 
- named UYSO 1 {Unidentified Young Stellar Object 1) - is cold (T = 40 K), 
it has a massive envelope, and it is associated with an energetic molecular 
outflow. No infrared point source has been detected at its position for A < 20 
fim. Therefore, it is a very good candidate for a member of the long searched 
for group of massive protostars. 



1 Introduction 

Whether the formation of massive stars significantly differs from the forma- 
tion of low mass stars is not yet fully understood. While disk accretion seems 
possible under special circumstances (e.g. [9]), coalescence of smaller objects 
into one massive star is an alternative model (e.g. [2]). Observations of molec- 
ular outflows in regions of massive star formation indicate, however, that the 
accretion model is indeed applicable. Even though little is known about the 
initial conditions of [4] , young massive protostars are expected not to be de- 
tectable at NIR/MIR wavelengths, but mainly in the submm continuum. 

Using SCUBA and IRAM bolometers, we investigated a sample of 47 lumi- 
nous IRAS sources, searching for massive protostellar objects in their close 
vicinities [13, 10]. Near IRAS 07029-1215, we discovered a deeply embedded 
object in a distance of about 1 kpc [14], powering a high- velocity bipolar CO 
outflow. The IRAS source is located in the bright Hn region S 297, it has an 
IRAS luminosity of 1700 L© [7]. 
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Figure 1. Left: UYSO 1, seen in A = 850 /im continuum emission 
(contours, background: POSS). Upper Right: Two examples of the 
CO(J = 3^2) line wings. Lower Right: Velocity-integrated emission 
of the CO line and its wings. 



2 Observations 

Directly following the SCUBA continuum observations at A = 450 /zm and 
A = 850 yum taken in October 1999, a map in CO(J = 3^2) was obtained 
using the B3 facility receiver). Additional observations in CS(J = 2 — > 1), 
CS(J = 5^4), SiO(J = 2^1) and especially H 2 CO(J = 3 03 - 2 02 )/(J = 
322 — 22i ) were carried out at the IRAM 30m telescope in March 2003. 



3 Results 

The surroundings of IRAS 07029-1215 are shown in Fig. 1 as a POSS image. 
The SCUBA 850 /im data, overlaid as contours, show UYSO 1 as a compact 
emission peak at a( B i95o.o) — 07 h 02 m 51 s , <5(bi95o .o) = — 12°14'26", between 
S 297 and a dark cloud. Two additional dusty filaments are visible at 850 
^m, one of them containing the IRAS source. 

UYSO 1 was not detected at near- and mid-infrared wavelengths (A =2.2.. 
20 /xm) by MSX and 2MASS. 
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The CO map in Fig. 1 (lower right) is a close-up view of UYSO 1. The line 
wings extending from -20 km s _1 at [0",-20"] to +40 km s _1 at [0",0"] can 
be clearly distinguished from well-determined baselines. These line wings are 
due to a high- velocity bipolar outflow originating from UYSO 1. The outflow 
is less clearly visible in the CS data, however lines on respective positions 
have corresponding shapes. The spatial resolution of the observations as of 
now is insufficient to conclude whether the bipolar outflow is composed of 
only one or more components [1]. 

4 Analysis 

4.1 Temperature and Mass Estimates 

A temperature estimate was obtained from the H 2 CO(J = 3o3 — ► 2q2)/{J = 
322 — * 2 2 i) line ratio, following [11], resulting in T=40±5 K for a relatively 
wide density range. 

Following [8], we derive hydrogen column densities from the CO J = 3 — > 2 
transition. This leads to M gas = 40 M© . Another estimate for the total mass 
has been calculated by [13] from an analysis of the continuum emission at 
A = 850 /im, resulting in M = 15 M©. The discrepancy can at least partly 
be explained by a smaller region taken into account in the latter case as well 
as the dust continuum emission tracing only the high-density central regions 
while the CO emission is collected along the line of sight throughout the 
low-density halo. Thus, the envelope mass estimates based on line and dust 
emission are compatible when keeping in mind their respective limitations 
and range between 15 and 40 M Q . The virial mass is much higher (M v i r = 
180 M©), which is certainly caused by an overestimation of line width due 
to optical thickness as well as turbulent motion, in addition to the cloud not 
being in virial equilibrium. 

4.2 Outflow Properties 

The CO line wings were analyzed to their respective 10% contour levels, cor- 
responding to a 2 (j detection for the redshifted line wing and a 4 a detection 
for the blueshifted line wing. The masses contained inside the two outflow 
lobes were calculated by integration of H2 column densities, resulting in Mbi uc 
= 1.8 M© and M ro( j = 3.6 M©, the total outflow mass thus being M out = 
5.4 M©. An analysis of the dynamical timcscalc, given for an inclination of 
i = 57.3° (the most probable value, cf. [3]), leads to t d (i = 57.3°) = 1700 
yrs. We note that this is not a good age indicator. The corresponding mass 
outflow rate is M(57.3°) = 3.3 x 10~ 3 M©/yr. Only a massive central object 
is able to uphold such an outflow rate. 
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4.3 Spectral Energy Distribution 

Given the measured continuum fluxes at 450 ^im and 850 /zm, flux esti- 
mates from the IRAS atlas images and NIR/MIR upper limits from MSX 
and 2MASS, a tentative SED of UYSO 1 could be derived. Integration leads 
to a luminosity estimate of < 1900 L Q . A modified blackbody accounting for 
the dust optical depth was fitted to the data with T = 45 K and (3 = 2. 
The continuum emission was then modeled using the radiative transfer code 
developed by [12] with standard ISM parameters and in ID mode. A model 
with an envelope mass of M onv = 30 M and an assumed single central object 
in the B2.5 class fits the data well. 

5 Conclusions 

The emerging picture of UYSO 1 is that of an early B star surrounded by an 
envelope of about 30-40 M©. The object seems to be in a particularly early 
evolutionary state, however already shows a bipolar outflow with a total mass 
of M out flow = 5.4 Mq. To our knowledge, there are only very few comparable 
sources that are still undetected at infrared wavelengths (see e.g. [5]). With 
additional high-resolution observations, we hope to learn more about this 
early evolutionary stage of massive star formation. For more details, see [6] . 
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